reported no deleterious pleiotropic effects of the insersuppression may exist with GR soybean. Yield suppressions may result tion of the gene for PRR resistance. Thus, no yield supfrom either cultivar genetic differentials, the GR gene/gene insertion pression was associated with the incorporation of the process, or glyphosate. Grain yield of GR is probably not affected PPR genes into soybean cultivars.
by glyphosate. Yield suppression due to the GR gene or its insertion
Herbicide-resistant crops like glyphosate resistant (GR) process (GR effect) has not been reported. We conducted a field soybean are gaining widespread acceptance in U.S. GR cultivars is a concern of producers and seed compathan the non-GR sisters (GR effect). Seed weight of the non-GR nies. Data from university soybean cultivar performance sisters was greater than that of the GR sisters (in 1999) and the trials in several states suggest a yield suppression may non-GR sister lines were 20 mm shorter than the GR sisters. Other exist with GR soybean (Minor, 1998; Nielsen, 2000;  variables monitored were similar between the two cultivar groups. The Nelson et al., 1997 Nelson et al., , 1998 Nelson et al., , 1999 Oplinger et al., 1998;  high-yield, nonherbicide-resistant cultivars included for comparison H.C. Minor, Univ. of Missouri, personal communicayielded 5% more than the non-GR sisters and 10% more than the tion, 1999). However, Delannay et al. (1995) stated that GR sisters.
no yield suppresion was associated with the GR gene. This statement was based on unpublished research where six pairs of isopopulations with and without the S oybean improvement through the incorporation of GR gene were compared (X. Delannay, personal comgenetic resistance or tolerance is an accepted pracmunication, Dec. 1999). He concluded that GR cultivars tice in soybean cultivar development for yield-limiting should perform as well as conventional cultivars of factors such as diseases (Athow, 1987) and nematodes (Riggs and Schmitt, 1987) . A goal of plant breeders is equivalent maturities. The GR gene, CP4 EPSPS, from to maintain the productivity of the parent line in the breeding line 40-3-2 tested in the Delannay et al. study absence of the yield-limiting factor. Comparisons of remains as the source for resistance in current GR cultinear-isogenic lines with and without the tolerance or vars (X. Delannay, personal communication, Dec. 1999) . resistance genes are important to ascertain if grain yields Yield suppression may result from either the GR are suppressed.
gene/gene insertion, glyphosate (both individually or Phytophthora root rot (PRR, caused by Phytophthora collectively are termed yield drag), or cultivar genetic megasperma f. sp. glycinea Kuan and Erwin) was one differentiation (yield lag). Yield lag represents yield of the most destructive diseases of soybean (Athow, suppression due to the genetics of the cultivar or line 1987). It provides a good case study for this discussion.
in which the GR gene is inserted. Thus, yield of GR In the early 1960s genetic resistance to PRR was incorcultivars may lag behind that of other cultivars simply porated into several cultivars through backcrossing probecause the GR gene was inserted in lower yielding or grams resulting in near-isogenic lines (Athow, 1987 , 1997) . Entries 7 to 8 were included since they the effect of GR gene insertion on GR (reported in this were also in the companion study (Elmore et al., 2001) ; these paper) and the effect of glyphosate (Elmore et al., 2001) .
cultivars were provided by two of the major seed companies
To evaluate the GR effect on yield and agronomic traits, could not discern between yield drag associated with
Flowering date (R1), physiological maturity (R7), and harthe GR gene itself or effects of its insertion in this study.
vest maturity (R8) (Ritchie et al., 1996) were recorded at Thus, reference to the GR effect could mean either or several of the locations. In addition, stand counts were taken both of these possibilities.
during the vegetative stages, plant height at R7, and lodging scores were recorded at R8. Seed weights were recorded at
MATERIALS AND METHODS
three locations in 1999. The center two rows of each plot Field experiments were planted at four Nebraska locations in 1998 and 1999 (Tables 1 and 2 ). Corn was grown before at WCREC in 1999. Cultivars grown are shown in Table 4 . Entries 1 to 3 were † Clethodim and crop oil concentrate were applied at 0.11 kg ha Ϫ1 ϩ 1.10 l ha Ϫ1 on 25 June 1998 and 6 July 1999 for volunteer corn control.
included based on their tolerance to glufosinate (Liberty Link, were harvested with a small plot harvester for yield and seed GR sisters; non-GR sisters vs. GR sisters; GR cultivars (7 and 8) vs. GR sisters; High yield vs. all GR; High yield vs. GR (7 weight determination.
Data were processed with SAS mixed models procedures and 8); 9 vs. 10; 11 vs. 12; 13 vs. 14; 15 vs. 16; and 17 vs. 18. We also used correlation to compare grain yields of GR and (Littell et al., 1996) . Cultivar was considered a fixed effect. Locations and replicates and their interactions with the fixed non-GR sister lines. Three sets of analyses were used for each variable. The effect were treated as random effects. Single-degree-of-freedom comparisons were used to isolate cultivar grouping differfirst compared all entries except 13 and 14 over both years. The second and third analyses included all entries in 1998 and ences: LL/STS vs. STS; STS vs. High yield; LL/STS vs. High yield; LL/STS vs. all GR; STS vs. all GR; High yield vs. non-1999, respectively, since entries 13 and 14 were not available 4, 5, and 6) yielded 5% more than the non-GR sisters (Tables 5 and 6 ). This 5% difference is a yield lag. The GR gene in the GR sisters therefore reduced soybean yield 5% compared to the non-GR sisters and 10% when compared to high-yield, nonherbicide-resistant cultivars.
The high-yield, nonherbicide-resistant checks in the study (entries 4, 5, and 6) also yielded the same or more than the other herbicide-resistant cultivars included in the experiment (Tables 4 and 6 ). The average yield of all seven GR cultivars was similar to that of the LL/ STS cultivar (entry 1), and greater than that of the average of the two STS cultivars (entries 2 and 3). A comparison of the means of the STS cultivars shows that entry 3 yielded less than the other STS cultivar, entry 2, as well as the other herbicide-resistant cultivars (Table 4) . Herbicide-resistant cultivars yielded from the same to 15% less than the nonherbicide-resistant cultivars included in these studies (Table 4 and 6).
CONCLUSIONS AND IMPLICATIONS
Yields were suppressed with GR soybean cultivars.
Fig. 1. Yield of non-GR (glyphosate resistant) sisters compared with
Our other work showed that there was no effect of their respective GR sisters at four locations in 2 yr. Each marker represents yield data of sister line pairs from the same replicate, glyphosate on GR cultivars (Elmore et al., 2001) . The location, and year. University of Nebraska, 1998 and 1999.
work reported here demonstrates that a 5% yield suppression was related to the gene or its insertion process in 1999. Data presented are least squares adjusted means. and another 5% suppression was due to cultivar genetic Differences mentioned are significant at P Յ 0.05. differential. Producers should consider the potential for 5 to 10% yield differentials between GR and non-GR
RESULTS AND DISCUSSION
cultivars as they evaluate the overall profitability of producing soybean. Cultivar choices are best based on (i) On average, non-GR sister lines yielded 5% (200 kg previous weed pressure and success of control measures ha Ϫ1 ) more than the GR sisters when averaged over all in specific fields, (ii) the availability and cost of herbilocations and both years (Table 5) . Non-GR sister grain cides, (iii) availability and cost of herbicide-resistant yields were greater than those of their associated GR cultivars, and (iv) yield, and not solely on whether cultisisters in two of the five pairs (Table 4) . Results were vars are herbicide resistant. Based on our results from similar in the single-year analyses (data not shown).
this study and those of Elmore et al., 2001 , the yield Grain yields of sister-line pairs are shown in Fig. 1 . The suppression appears associated with the GR gene or its greater number of data points to the right of the 1:1 insertion process rather than glyphosate itself. ratio line indicates that the non-GR sisters yielded more on the average than their GR sister counterparts. This al., 1994a , 1994c Alldredge and Young, 1995) . These reducing field research costs, this study compares economic and biostudies generally involve several agencies and must be logical results from an original complete 6-yr integrated cropping interdisciplinary or multidisciplinary to identify impormanagement (ICM) systems field study to results from several downtant interacting agronomic, economic, and biological resized experiments, which were components of the complete study.
Downsizing an Integrated Crop Management Field Study Affects Economic and Biological Results
lationships (Martin et al., 1991; Schweizer et al., 1988;  Compared with the original ICM study, the downsized experiments Young et al., 1994c) . Integrated crop management studreduced the number of treatment replications from four to three, ies are rarely attempted because they are expensive to reduced the number of crop rotation cycles from two to one (from 6 conduct; require large areas of land; and utilize considerto 3 yr), or only grew one crop per rotation each year. The effect of able labor to plant, harvest, and maintain plots, and to downsizing on the profitability analysis and the statistical (biological) analysis were similar. Reducing replications altered both profitability collect data (Cady, 1991; Young et al., 1994b 
